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sectional studies

Background Arthritis, characterised by inflammation, pain, and joint stiffness, is emerg-
ing as a significant health concern in ageing populations worldwide. While many studies
have examined the effects of outdoor environmental risk factors on arthritis, fewer have
investigated the effects of residential ecological factors.

Methods We included 2,511 participants in the cohort study and 13,886 participants in the
cross-sectional study from the Chinese Longitudinal Healthy Longevity Survey. We em-
ployed multivariate Cox proportional hazards and logistic regression to analyse the cohort
and cross-sectional data. For each residential environment factor, we developed three mod-
i els, with model three adjusted for all potential confounders collected in our study, which
we considered our primary model.

Results We identified a significant association between the use of non-clean fuel and a
higher risk of arthritis (hazard ratio (HR)=1.42; 95% confidence interval (CI)=1.05-1.93)

i through cohort analysis. Conversely, residing in high-rise buildings with elevators was as-
sociated with a reduced risk of arthritis (HR=0.12; 95% CI=0.02-0.86). Our cross-sectional

¢ study reflects a reduced risk of arthritis associated with summer window ventilation for :
one to five times/week (odds ratio (OR)=0.70; 95% CI=0.50-0.97) and more than five times/
week (OR=0.66; 95% CI=0.48-0.90). Additionally, distance of >300 m was also associated
with a lower risk of arthritis (OR=0.79; 95% CI=0.69-0.89).

Conclusion These findings underscore the crucial role of residential environmental factors
in the risk of arthritis development. These results have important implications for public
i health policies aimed at reducing the prevalence of arthritis.

Keywords arthritis; residential environment; CLHLS; public health; cross-sectional study;
i cohort study.

Arthritis is a long-term condition affecting the joints, characterised chiefly by pain,
stiffness, and swelling [1,2]. Its severe condition can cause joint deformity, while func-
tional limitation is also observed [3]. Common types include osteoarthritis and rheu-
matoid arthritis [4,5]. With the global ageing population, the prevalence of arthritis is
steadily increasing, imposing a significant social and economic burden [6,7]. Arthritis
is one of the leading causes of disability, severely impacting patients’ quality of life
[8,9]. The high prevalence of arthritis and its substantial societal burden underscore
the need for such comprehensive investigations, particularly in the context of an age-
ing society [10-12].

Currentresearch on arthritis risk factors has mainly focused on outdoor environmen-
tal factors, such as air pollution, temperature changes, and physical labour [13-15].
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However, with the acceleration of urbanisation, people are spending more time indoors, making
the impact of residential environments on health increasingly significant [16-18]. Some factors,
such as residential air quality, living conditions, and household atmosphere, may also play cru-
cial roles in the occurrence and progression of arthritis. However, studies on the relationship
between residential environments and arthritis risk are relatively scarce, limiting our compre-
hensive understanding of these potential risk factors [19,20]. Biologically, poor indoor air quality,
dampness, mould, and household fuel pollution may increase oxidative stress and low-grade sys-
temic inflammation, both of which are involved in joint degeneration and inflammatory arthritis
[16]. In addition, uncomfortable or stressful living conditions may affect sleep, physical activity,
and immune regulation, which could further influence arthritis risk or symptom progression
[21]. Therefore, the residential environment may not only reflect living conditions but also con-
tribute to inflammatory and degenerative joint processes.
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Therefore, conducting extensive research into the impact of residential environments on arthri-
tis is crucial. This study utilises data from the Chinese Longitudinal Healthy Longevity Survey
(CLHLS) to comprehensively explore the associations between residential environments and
arthritis. We employed both cohort and cross-sectional study designs. The cohort analysis exam-
ined the long-term effects of residential environment factors on arthritis, while the cross-sec-
tional analysis investigated associations with factors first studied in 2018. By integrating these
approaches, we aimed to identify and validate a wide range of influences on arthritis incidence,
with a particular focus on residential environmental factors. This research not only fills gaps in
the current literature but also provides scientific evidence to inform the development of arthritis
prevention and control strategies, holding significant theoretical and practical value.

METHODS

Study population

We followed the STROBE and GRABDROP reporting guidelines (Tables S1 and S2 in the Online
Supplementary Document). CLHLS is a study conducted by Peking University’s Centre for Healthy
Ageing and Development Studies to assess the health status of Chinese seniors and their related
social, behavioural, and biological factors [22-24]. Participating in CLHLS are Chinese people
aged >65 years from 23 provinces nationwide.

Residential environmental variables were assigned to the cohort or cross-sectional analyses
according to their availability across survey waves. Variables measured at baseline and linked
to follow-up arthritis status were included in the cohort analysis, whereas variables available
only at the follow-up survey or without comparable baseline measurements were examined in the
cross-sectional analysis. For our cohort study, we utilised the 2014-2018 data set from the CLHLS
[24], which included 7,192 participants from two survey waves in 2014 and 2018. After excluding
individuals who were under 65 years old, had missing data on the outcome (i.e. arthritis), or had
a history of arthritis before the 2014 wave, we included a total of 2,511 participants (Figure 1).
Regarding the cross-sectional study, we used the data set from the 2018 wave of the CLHLS, which
included 15,874 participants. The same exclusion criteria were applied, resulting in a final sam-
ple of 13,886 participants.

Exposures and outcome

Our outcome variable was arthritis, defined by the question, ‘Do you currently have arthritis?’

We included 12 residential environment factors as exposures, six from the cohort study and the
others from a cross-sectional study. In the cohort study, six factors were water leakage in the past
year (yes or no), musty smell (yes or no), fuel (clean fuel, including options: never cooking, gas,
electricity, fuel oil, kerosene, and solar energy) or non-clean fuel (including options: firewood
or straw, charcoal, and coal or coke), cohabitant (living with family, elderly care institutions,
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Figure 1. Flow diagram depicting participant recruitment and retention.

or alone), building type (low-rise apartment; <4 floors), high-rise without elevator (>4 floors), or
high-rise with elevator; >4 floors) and bedroom (separate or non-separate). Six variables in our
cross-sectional study were: window ventilation in summer (zero time/week, one to five times/
week or >5 times/week), window ventilation in winter (zero time/week, one to five times/week or
>5 times/week), using insecticide (yes or no), using repellent (yes or no), using toilet cleaner (yes
or no) and distance from the main road (0-100 m, 101-300meters, or >300 m).

Covariates

We included a set of covariates in our cohort and cross-sectional studies, respectively, as poten-
tial confounders based on clinical practice, prior knowledge, and data availability. In the cohort
study, covariates included age, gender (female or male), ethnicity (Han or non-Han), marital sta-
tus (divorce/widowed, married, or unmarried), income (<10,000, <50,000, or >50,000 CNY/y), school
years, residential area (city, town, or rural), and house ownership (yes or no). In the cross-sec-
tional study, covariates included building type, fuel, cohabitant, mildew smell, and water leakage.

Statistical analysis

Descriptive analysis

Outcomes and covariates were presented by outcome group. Using the Kolmogorov-Smirnov test,
we assessed the normality of continuous variables, summarising normally distributed data with
mean and standard deviation and non-normally distributed data with median and interquartile
range (IQR). We expressed categorical data as frequencies and percentages. We compared groups
using the Mann-Whitney test, t test, and x* test for non-normally distributed continuous, normally
distributed continuous, and categorical data, respectively.
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Multiple imputation

In the cohort and cross-sectional studies, 11 and 16 variables had missing values, respectively
(Tables S3 and S4 in the Online Supplementary Document). Missing data in both studies were
assumed to be missing at random and imputed into 15 and 20 data sets, respectively, using the
multiple imputation by chained equations (MICE) method with the ‘mice’ package, version 3.16.0
in R, version 4.3.2 (R Foundation for Statistical Computing, Vienna, Austria). We performed all
multivariate Cox and logistic regression analyses on each imputed data set, and pooled the regres-
sion coefficients using Rubin’s rules.

Multivariate Cox and logistic regression analysis
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In our cohort study, we utilised Cox proportional hazards regression to investigate the health
impact of residential environment factors on arthritis. We calculated hazard ratios (HRs) and
their corresponding 95% confidence intervals (CIs) to estimate the effect. The proportional haz-
ards assumption was tested using the Schoenfeld residuals method, with P<0.05 indicating a
violation [25]. Follow-up time was defined as the duration between the date of the 2014 and the
2018 wave surveys. We developed three models for each outcome, each specified as outcome-
exposure plus confounders. Model one was the unadjusted model (i.e. without any confounder
included). Model two was adjusted for age, gender, ethnicity, income, school years and marital
status. Model three was adjusted separately for each exposure’s potential confounders, making
it the primary model for providing more credible estimates of these associations. The propor-
tional hazards assumption was assessed using Schoenfeld residuals for the fully adjusted Cox
model (model three) of each exposure. The results indicated that the assumption was generally
satisfied for most residential environmental exposures, whereas water leakage showed evidence
of violation of the proportional hazards assumption. Therefore, according to the recommenda-
tions of Stensrud et al. [26], the hazard ratio estimate for water leakage should be interpreted as a
weighted average of the underlying time-varying hazard ratios over the entire follow-up period.
For the cross-sectional study, we used logistic regression to explore the association between expo-
sures and arthritis. Adjusted odds ratios (ORs) and their corresponding 95% CIs were calculated
to estimate the associations. The same criteria applied in the cohort study were used to develop
three models in this study (Table S5 in the Online Supplementary Document)

For both cohort and cross-sectional studies, we used only complete cases to assess the robust-
ness of our results.

RESULTS

Cohort study

We included 2511 elderly individuals in the study, of whom 228 (9.1%) developed arthritis (Table 1).
The median age of the participants was 80.0 years (IQR=75.0-88.0), and nearly half of them were
female (50.6%). Notably, the proportion of females among participants with arthritis (61.8%) was
significantly higher than among those without arthritis (49.5%). We found that elderly individuals
using highly polluting fuel had a higher risk of developing arthritis (HR=1.42; 95% CI=1.05-1.93).
Conversely, individuals living in high-rise buildings with elevators had a lower risk of developing
arthritis (HR=0.12; 95% CI=0.02-0.86) (Figure 2, Panel A, Table 2).

Cross-sectional study

Among 13,886 participants aged >65 years, 1,593 (11.5%) had arthritis (Table 3). The median age
of those was 85.0 years (IQR=76.0-95.0), and the majority were female (55.9%). Similarly, the
arthritis group had a higher proportion of females than the no-arthritis group (64.7% vs. 54.7%).
When comparing the frequency of window ventilation in summer, participants who ventilated
their windows one to five times per week (OR=0.70; 95% CI=0.50-0.97) and >5 times per week
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Table 1. Basic characteristics of the cohort study population stratified by arthritis*

Characteristics All Without arthritis Arthritis
Age in years, Mdn (IQR) 80.0 (75.0-88.0) 81.0 (75.0-88.0) 79.0 (74.0-87.0)
Gender (female) 1,271 (50.6) 1,130 (49.5) 141 (61.8)
Marital status

Divorce/widowed 1,200 (48.5) 1,092 (48.5) 108 (48.2)
Married 1,248 (50.4) 1,137 (50.5) 111 (49.6)
Unmarried 28 (1.13) 23 (1.02) 5(2.23)
Income in CNY per year

<10,000 825 (35.0) 748 (34.8) 77 (37.7)
<50,000 1,023 (43.5) 944 (43.9) 79 (38.7)
>50,000 506 (21.5) 458 (21.3) 48 (23.5)
School years, Mdn (IQR) 0.00 (0.00-5.00) 0.00 (0.00-5.00) 0.00 (0.00-5.00)
Residential area

City 256 (10.2) 220 (9.6) 36 (15.8)
Town 755 (30.1) 696 (30.5) 59 (25.9)
Rural 1,500 (59.7) 1,367 (59.9) 133 (58.3)
Ethnicity (Han) 2,047 (92.1) 1,848 (91.9) 199 (93.9)
House ownership (yes) 2,366 (95.0) 2,153 (95.0) 213 (95.1)
Cohabitant

Living with family 1,925 (77.4) 1,755 (77.6) 170 (75.2)
Alone 543 (21.8) 491 (21.7) 52 (23.0)
Old people institution 19 (0.7) 15 (0.6) 4 (1.7)
Bedroom (separate bedroom) 2,352 (94.7) 2,143 (94.7) 209 (94.6)
Building type

Low-rise apartment (<4 floors) 2,193 (88.3) 2,001 (88.5) 192 (86.1)
High-rise without elevator (>4 floors) 249 (10.0) 220 (9.7) 29 (13.0)
High rise with elevator 41 (1.6) 39 (1.7) 2(0.9)
Water leakage (yes) 519 (20.9) 462 (20.5) 57 (25.4)
Musty smell (yes) 386 (15.5) 344 (15.2) 42 (18.8)
Fuel (clean) 1,391 (55.8) 1,272 (56.1) 119 (53.4)

Follow-up time, Mdn (IQR)

1,441 (1,267-1,556)

1,437 (1,266-1,556)

1,500 (1,290-1

,562)

IQR - interquartile range, Mdn - median
*Presented as n (%) unless specified otherwise.

Table 2. The association between residential environment and arthritis in cohort study results (n=2,511)

ftems Model 1 Model 2 Model 3

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Water leakage
No Ref. Ref. Ref.
Yes 1.24 (0.92-1.68) 0.155 1.14 (0.84-1.56) 0.406 1.14 (0.84-1.56) 0.406
Musty smell
No Ref. Ref. Ref.
Yes 1.17 (0.84-1.64) 0.346 1.06 (0.75-1.51) 0.734 1.06 (0.75-1.51) 0.734
Fuel
Clean fuel Ref. Ref. Ref.
Non-clean fuel 1.55 (1.19-2.02) 0.001 1.53 (1.14-2.04) 0.005 1.42 (1.05-1.93) 0.023
Building type
Low-rise apartment (<4 floors) Ref. Ref. Ref.
High-rise without elevator (>4 floors) 0.77 (0.52-1.15) 0.205 0.77 (0.51-1.16) 0.20 0.65 (0.37-1.12) 0.120
High-rise with elevator (24 floors) 0.16 (0.02-1.08) 0.06 0.14 (0.02-0.99) 0.049 0.12 (0.02-0.86) 0.035
Cohabitant
Family Ref. Ref. Ref.
Alone 1.16 (0.85-1.58) 0.353) 0.94 (0.64-1.39) 0.752 0.94 (0.64-1.39) 0.749
Elderly care institutions 1.92 (0.71-5.21) 0.198 2.22(0.79-6.23) 0.128 2.81(0.97-8.14) 0.057
Bedroom
Separate bedroom Ref. Ref. Ref.
Non-separate bedroom 0.88 (0.49-1.57) 0.661 0.94 (0.52-1.69) 0.831 1.08 (0.59-1.98) 0.804

CI - confidence interval, HR - hazard ratio, ref - reference
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Figure 2. Forest map of the association between residential environment factors and arthritis. Panel A. Results of cohort
study. Panel B. Results of cross-sectional study. *P<0.05, TP<0.01, $P<0.001.

(OR=0.66; 95% CI=0.48-0.90) had a lower risk of arthritis compared to those who did not venti-
late at all (Figure 2, Panel B; Table S6 in the Online Supplementary Document). Additionally, liv-
ing more than 300 m away from the main road was associated with a decreased risk of arthritis
(OR=0.79; 95% CI=0.69-0.89).
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Table 3. Basic characteristics of the cross-sectional study population stratified by arthritis*

Characteristics

Age in years, Mdn (IQR)

All
(n=13,886)

85.0 (76.0-95.0)

Without arthritis

(n=12,293)

85.0 (76.0-95.0)

Arthritis
(n=1,593)
83.0 (75.0-92.0)

Gender (female)

7,756 (55.9)

6,726 (54.7)

1,030 (64.7)

Marital status

Divorce/widowed 7,945 (57.8) 7,075 (58.1) 870 (55.0)
Married 5,687 (41.4) 4,993 (41.0) 694 (43.9)
Unmarried 117 (0.85) 100 (0.82) 17 (1.08)
Income in CNY per year

<10,000 3,476 (27.4) 3,060 (27.2) 416 (28.7)
<50,000 4,319 (34.0) 3,908 (34.8) 411 (28.3)
250,000 4,898 (38.6) 4,273 (38.0) 625 (43.0)
School years, Mdn (IQR) 1.00 (0.00-6.00) .00 (0.00-6.00) 2.00 (0.00-6.00)
Residential area

City 3,056 (22.0) 2,528 (20.6) 528 (33.1)
Town 4,632 (33.4) 4,196 (34.1) 436 (27.4)
Rural 6,198 (44.6) 5,569 (45.3) 629 (39.5)
Ethnicity (Han) 11,255 (94.2) 9,920 (94.1) 1,335 (95.2)

House ownership (owner)

12,420 (92.7)

11,047 (93.0)

1,373 (90.3)

Cohabitant

Living with family 11,066 (80.7) 9,859 (81.3) 1,207 (76.7)
Alone 2,165 (15.8) 1,868 (15.4) 297 (18.9)
Old people institution 477 (3.4) 407 (3.3) 70 (4.4)
Own bedroom (yes) 12,567 (94.1) 11,148 (94.1) 1,419 (93.5)
Building type

Lowrise 10,740 (80.2) 9,590 (80.8) 1,150 (75.7%)
High rise without elevator 1,883 (14.1) 1,624 (13.7) 259 (17.0%)
High rise with elevator 772 (5.76) 661 (5.57) 111 (7.30)
Water leakage (yes) 2,528 (19.0) 2,181 (18.4) 347 (23.0)
Musty smell (yes) 1,880 (14.1) 1,637 (13.8) 243 (16.0)

Fuel (clean)

9,864 (73.6)

8,703 (73.2)

1,161 (76.3)

Window ventilation (summer)

Don’t open 399 (2.91) 342 (2.82) 57 (3.67)
<5/week 3,044 (22.2) 2,694 (22.2) 350 (22.6)
>5/week 10,249 (74.9) 9,104 (75.0) 1,145 (73.8)

Window ventilation (winter)

Don’t open 2,848 (20.9) 2,548 (21.1) 300 (19.3)
<5/week 5,705 (41.8) 5,056 (41.8) 649 (41.8)
>5/week 5,099 (37.3) 4,497 (37.2) 602 (38.8)
Distance from the main road in meters

<101 4,298 (33.6) 3,723 (32.8) 575 (39.7)
<301 2,484 (19.4) 2,179 (19.2) 305 (21.0)
>301 6,008 (47.0) 5,438 (48.0) 570 (39.3)
Using insecticide (yes) 1,868 (13.6) 1,646 (13.5) 222 (14.2)
Using repellent (yes) 4,675 (34.1) 4,145 (34.1) 530 (34.0)
Using toilet cleaner (yes) 2,748 (20.0) 2,371 (19.5) 377 (24.2)

IQR - interquartile range, Mdn - median
*Presented as n (%) unless specified otherwise.

Sensitivity analysis

In the cross-sectional study with 8185 complete cases, the association between summer window
ventilation and arthritis disappeared compared with the main results. However, winter win-
dow ventilation and insecticide use were associated with the outcome (Table S7 in the Online
Supplementary Document).
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DISCUSSION

The study reveals significant associations between residential environmental factors and the risk
of developing arthritis. By leveraging both cohort and cross-sectional data, we provide a com-
prehensive analysis of the association between various residential elements and arthritis risk.

In the cohort study, we identified notable risk factors related to fuel type and building charac-
teristics. Specifically, the use of non-clean fuel was associated with a 42% increase in the risk of
arthritis (HR=1.42) compared with clean fuel. This finding is consistent with previous research
indicating that indoor air pollution from non-clean fuels, such as coal and wood, can exacerbate
inflammatory conditions, thereby worsening arthritis symptoms [27-29]. However, this associa-
tion should be interpreted with caution because socioeconomic status may partially explain the
observed relationship. Non-clean fuel use is often more common among individuals with lower
socioeconomic status, who may also experience poorer housing conditions, heavier physical
work, reduced access to healthcare, and other arthritis-related risk factors. It is also worth not-
ing that water leakage and musty smell were not significantly associated with incident arthritis
in our study, despite the well-established links between dampness, mould exposure, and respira-
tory or inflammatory diseases [30]. This null finding may suggest that dampness-related expo-
sures have a weaker or less direct effect on arthritis than on respiratory outcomes. Alternatively,
self-reported indicators such as water leakage and musty smell may not fully capture the inten-
sity, duration, or biological relevance of dampness and mould exposure. Additionally, residing
in high-rise buildings with elevators (>4 floors) was associated with a substantially lower risk of
arthritis (HR=0.12) compared with living in low-rise apartments (<4 floors). This may be due to
better ventilation, improved building materials, and reduced exposure to dampness and mould
in high-rise buildings [31-33]. On the other hand, no significant association was observed for
high-rise buildings without elevators. One possible explanation is that residents in these build-
ings may need to climb stairs more frequently, which could increase mechanical loading on the
joints. However, this finding should be interpreted with caution. The high-rise-with-elevator cate-
gory included only 41 participants, among whom only two incident arthritis cases were observed
during follow-up. Such sparse data may lead to unstable effect estimates and inflated hazard
ratios. Therefore, the observed association may reflect statistical uncertainty rather than a true
protective effect. Additional studies with larger sample sizes and greater numbers of exposed
participants are required to verify this finding.
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Our cross-sectional study further clarifies the association between specific residential environ-
ments and arthritis. Compared to no ventilation, regular window ventilation during summer is
protective against arthritis. Such daily ventilation, one to five times weekly (OR=0.70) and more
than five times weekly (OR=0.66), was associated with a lower risk of arthritis compared with
no ventilation. This would underscore the importance of good indoor air quality and reduced
levels of pollutants and moisture. Good indoor air quality, achieved by reducing pollutants and
moisture, is also essential in minimising inflammatory responses that can exacerbate conditions
like arthritis [34]. Studies have shown that improvements in indoor air quality can significantly
impact overall health, particularly for those with chronic inflammatory conditions [35-37].

A meaningful association with arthritis risk was also observed near major roadways. Living
in a location more than 300 m away from major roadways was related to a reduction of 21% in
the risk of arthritis (OR=0.79) as compared to living within distances of 0-100 m. This finding
demonstrates the negative effects of traffic-related air pollution, including particulate matter and
nitrogen dioxide, which can increase inflammation and, in turn, increase the risk of arthritis
[14,38,39]. Chronic exposure to traffic noise could be another contributory factor [40,41]. Long-
term exposure to high levels of noise pollution must be expected to increase stress and may
diminish sleep, both of which exacerbate inflammatory states such as arthritis [42]. Studies have
shown that noise pollution can elevate stress hormone levels, such as cortisol, which has pro-in-
flammatory effects and can worsen joint health [43].

2026  Vol. 16 * 04276 8 www.jogh.org e doi: 10.7189/jogh.16.04276



Residential environment and arthritis in Chinese elderly

These results imply that the quality of the residential environment needs to be improved to pre-
vent arthritis. The association with non-clean fuels is positive and calls for promoting cleaner
cooking and heating technologies, particularly in lower-income settings where these fuels are
most commonly used. It was attractive to see the protective impact of high-rise buildings with
elevators and that associated with frequent window ventilation. Building design and indoor air-
space management were also significant. The correlation between proximity to main roads and
the risk of arthritis also suggests that urban planning should prioritise measures that reduce
residential exposure to traffic pollutants and noise. Policies that encourage the development of
residential areas away from major traffic arteries and enhance green spaces can contribute to
better overall health outcomes.

However, this study has several limitations. The arthritis data rely on self-reporting, which may
be influenced by recall bias, and the specific subtypes of arthritis cannot be determined through
questionnaire surveys. Additionally, participants without follow-up arthritis data were excluded
from the cohort analysis, potentially introducing loss-to-follow-up bias. Although most residen-
tial environmental exposures were not associated with follow-up status, bedroom number was
significantly associated with follow-up participation. Therefore, while substantial selection
bias is unlikely for most exposures, findings regarding bedroom number should be interpreted
with caution, as residual bias from differential loss to follow-up cannot be completely ruled out.
Third, the follow-up period was relatively short for arthritis, which may have limited our abil-
ity to capture long-term effects of built-environment exposures and reduced statistical power.
Future studies with longer follow-up periods are needed to confirm the observed associations
and evaluate potential long-term effects of residential environment exposures on arthritis devel-
opment. Fourthly, some exposure categories contained relatively small numbers of participants
and incident arthritis cases. Consequently, the corresponding hazard ratio estimates may be
unstable and should be interpreted cautiously, and additional studies with larger sample sizes
and greater numbers of exposed participants are required to verify this finding. Although multi-
ple imputation was used to reduce potential bias due to missing data, this approach assumes that
data are missing at random conditional on observed variables. This assumption cannot be fully
tested, and the inconsistency between the MICE-based and complete-case analyses suggests that
some cross-sectional findings may be influenced by the mechanism of missing data. Finally, the
cross-sectional component of this study is inherently susceptible to reverse causation because
exposure and outcome were assessed simultaneously. Therefore, the cross-sectional findings
should be interpreted primarily as identifying potential environmental factors associated with
arthritis rather than establishing causal relationships.

CONCLUSIONS

These findings highlight the critical need for public health interventions and policies to improve
residential environmental quality to mitigate the burden of arthritis, especially in rapidly urban-
ising and ageing populations. This research not only fills gaps in the current literature but also
provides scientific evidence to inform the development of arthritis prevention and control strat-
egies, holding significant theoretical and practical value.

Acknowledgements: We greatly appreciate the CLHLS study for collecting data. We are grateful to the Centre for
Healthy Ageing and Development Studies and Peking University for managing the CLHLS study.

Ethics statement: Ethical approval for the CLHLS surveys was granted by the Peking University Biomedical Ethics
Committee (IRB00001052-13074), and the written informed consent form was signed by each participant. The research
was conducted in accordance with the Declaration of Helsinki.

Data availability: The data used in this study are from the CLHLS. The data set is publicly accessible via the Peking
University Open Research Data Platform at https://doi.org/10.18170/DVN/WBO7LK. Access requires registration and

www.jogh.org e doi: 10.7189/jogh.16.04276 9 2026  Vol. 16 * 04276

PAPERS




99
A=
=
=
A

Xiangbin et al.

approval from the CLHLS user group. The data set is described in the repository documentation and is cited in the
References section of this manuscript [25].

Funding: This research received no specific grant from any funding agency in the public, commercial, or not-for-profit
sectors.

Authorship contributions: XJ: investigation, validation, data analysis and writing-original draft. XX: data curation,
methodology, investigation and writing-review and editing. Z]: methodology and investigation. HY: conceptualisation,
data analysis, supervision and writing-review and editing.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the
corresponding author) and disclose no relevant interests.

Additional material

Online Supplementary Document

1 Harvey AK, Taylor AM, Wise RG. Imaging pain in arthritis: advances in structural and functional neuroimag-
ing. Curr Pain Headache Rep. 2012;16:492-501. Medline:23011761 doi:10.1007/s11916-012-0297-4

2 Hider SL, Muller S, Helliwell T, Prior JA, Scott I, Lawton SA, et al. Symptoms associated with inflammatory
arthritis are common in the primary care population: results from the joint symptoms survey. Rheumatology
(Oxford). 2019;58:2009-14. Medline:31079150 doi:10.1093/rheumatology/kez184

3 Dobson KG, Mustard CA, Carnide N, Furlan AD, Smith PM. Association of persistent pain with the incidence
of chronic conditions following a disabling work-related injury. Scand ] Work Environ Health. 2023;49:330-40.
Medline:37120802 doi:10.5271/sjweh.4096

4 Yue L, Berman J. What Is Osteoarthritis? JAMA. 2022;327:1300. Medline:35380583 doi:10.1001/jama.2022.1980

5 Laev SS, Salakhutdinov NF. Anti-arthritic agents: progress and potential. Bioorg Med Chem. 2015;23:3059-80.
Medline:26014481 doi:10.1016/j.bmc.2015.05.010

REFERENCES

6 Theis KA, Murphy L, Hootman JM, Wilkie R. Social participation restriction among US adults with arthritis: a
population-based study using the International Classification of Functioning, Disability and Health. Arthritis
Care Res (Hoboken). 2013;65:1059-69. Medline:23401463 doi:10.1002/acr.21977

7 Makrygiannakis D, Hermansson M, Ulfgren AK, Nicholas AP, Zendman AJ, Eklund A, et al. Smoking increases
peptidylarginine deiminase 2 enzyme expression in human lungs and increases citrullination in BAL cells.
Ann Rheum Dis. 2008;67:1488-92. Medline:18413445 do0i:10.1136/ard.2007.075192

8 Hootman JM, Helmick CG, Brady TJ. A public health approach to addressing arthritis in older adults: the most com-
mon cause of disability. Am J Public Health. 2012;102:426-33. Medline:22390506 do0i:10.2105/AJPH.2011.300423

9 Barbour KE, Boring M, Helmick CG, Murphy LB, Qin J. Prevalence of Severe Joint Pain Among Adults with
Doctor-Diagnosed Arthritis - United States, 2002-2014. MMWR Morb Mortal Wkly Rep. 2016;65:1052-6.
Medline:27711038 doi:10.15585/mmwr.mm6539a2

10 Terashima Y, Yurube T, Hirata H, Sugiyama D, Sumi M. Predictive Risk Factors of Cervical Spine Instabilities
in Rheumatoid Arthritis: A Prospective Multicenter Over 10-Year Cohort Study. Spine. 2017;42:556-64.
Medline:27525538 d0i:10.1097/BRS.0000000000001853

11 Kurreeman F, Liao K, Chibnik L, Hickey B, Stahl E, Gainer V, et al. Genetic basis of autoantibody positive and
negative rheumatoid arthritis risk in a multi-ethnic cohort derived from electronic health records. Am ] Hum
Genet. 2011;88:57-69. Medline:21211616 doi:10.1016/j.ajhg.2010.12.007

12 GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence for 88 risk factors in 204 coun-
tries and 811 subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study
2021. Lancet. 2024;403:2162-203. Medline:38762324 do0i:10.1016/S0140-6736(24)00933-4

13 Di D, Zhang L, Wu X, Leng R. Long-term exposure to outdoor air pollution and the risk of development of
rheumatoid arthritis: A systematic review and meta-analysis. Semin Arthritis Rheum. 2020;50:266-75.
Medline:31761290 doi:10.1016/j.semarthrit.2019.10.005

14 De Roos AJ, Koehoorn M, Tamburic L, Davies HW, Brauer M. Proximity to traffic, ambient air pollution,
and community noise in relation to incident rheumatoid arthritis. Environ Health Perspect. 2014;122:1075-80.
Medline:24905961 doi:10.1289/ehp.1307413

15 Klareskog L, Ronnelid J, Saevarsdottir S, Padyukov L, Alfredsson L. The importance of differences; On envi-
ronment and its interactions with genes and immunity in the causation of rheumatoid arthritis. J Intern Med.
2020;287:514-33. Medline:32176395 d0i:10.1111/joim.13058

16 Yamamoto SS, Yacyshyn E, Thangri GS, Chopra A, Parmar D, Jones CA. Household air pollution and arthritis
in low-and middle-income countries: Cross-sectional evidence from the World Health Organization’s study

2026  Vol. 16 * 04276 10 www.jogh.org e doi: 10.7189/jogh.16.04276


https://jogh.org/documents/2026/jogh-16-04276-s001.pdf
https://pubmed.ncbi.nlm.nih.gov/23011761
https://doi.org/10.1007/s11916-012-0297-4
https://pubmed.ncbi.nlm.nih.gov/31079150
https://doi.org/10.1093/rheumatology/kez184
https://pubmed.ncbi.nlm.nih.gov/37120802
https://pubmed.ncbi.nlm.nih.gov/37120802
https://doi.org/10.5271/sjweh.4096
https://pubmed.ncbi.nlm.nih.gov/35380583
https://doi.org/10.1001/jama.2022.1980
https://pubmed.ncbi.nlm.nih.gov/26014481
https://pubmed.ncbi.nlm.nih.gov/26014481
https://doi.org/10.1016/j.bmc.2015.05.010
https://pubmed.ncbi.nlm.nih.gov/23401463
https://doi.org/10.1002/acr.21977
https://pubmed.ncbi.nlm.nih.gov/18413445
https://doi.org/10.1136/ard.2007.075192
https://pubmed.ncbi.nlm.nih.gov/22390506
https://doi.org/10.2105/AJPH.2011.300423
https://pubmed.ncbi.nlm.nih.gov/27711038
https://pubmed.ncbi.nlm.nih.gov/27711038
https://doi.org/10.15585/mmwr.mm6539a2
https://pubmed.ncbi.nlm.nih.gov/27525538
https://pubmed.ncbi.nlm.nih.gov/27525538
https://doi.org/10.1097/BRS.0000000000001853
https://pubmed.ncbi.nlm.nih.gov/21211616
https://doi.org/10.1016/j.ajhg.2010.12.007
https://pubmed.ncbi.nlm.nih.gov/38762324
https://doi.org/10.1016/S0140-6736(24)00933-4
https://pubmed.ncbi.nlm.nih.gov/31761290
https://pubmed.ncbi.nlm.nih.gov/31761290
https://doi.org/10.1016/j.semarthrit.2019.10.005
https://pubmed.ncbi.nlm.nih.gov/24905961
https://pubmed.ncbi.nlm.nih.gov/24905961
https://doi.org/10.1289/ehp.1307413
https://pubmed.ncbi.nlm.nih.gov/32176395
https://doi.org/10.1111/joim.13058

Residential environment and arthritis in Chinese elderly

on Global Ageing and Adult Health. PLoS One. 2019;14:€0226738. Medline:31881058 doi:10.1371/journal.
pone.0226738

17 Vardoulakis S, Dimitroulopoulou C, Thornes J, Lai KM, Taylor J, Myers I, et al. Impact of climate change
on the domestic indoor environment and associated health risks in the UK. Environ Int. 2015;85:299-313.
Medline:26453820 doi:10.1016/j.envint.2015.09.010

18 Zhang J, Fang XY, Wu J, Fan YG, Leng RX, Liu B, et al. Association of Combined Exposure to Ambient Air
Pollutants, Genetic Risk, and Incident Rheumatoid Arthritis: A Prospective Cohort Study in the UK Biobank.
Environ Health Perspect. 2023;131:37008. Medline:36913237 doi:10.1289/EHP10710

REFERENCES

19 Zeng P, Bengtsson C, Klareskog L, Alfredsson L. Working in cold environment and risk of developing rheuma-
toid arthritis: results from the Swedish EIRA case-control study. RMD Open. 2017;3:e000488. Medline:28879055
doi:10.1136/rmdopen-2017-000488

PAPERS

20 Deng Y, Gao Q, Yang T, Wu B, Liu Y, Liu R. Indoor solid fuel use and incident arthritis among middle-aged and
older adults in rural China: A nationwide population-based cohort study. Sci Total Environ. 2021;772:145395.
Medline:33578144 doi:10.1016/j.scitotenv.2021.145395

21 Besedovsky L, Lange T, Haack M. The Sleep-Immune Crosstalk in Health and Disease. Physiol Rev. 2019;99:1325-
80. Medline:30920354 d0i:10.1152/physrev.00010.2018

22 Zhong J, Chen L, Li C, Li J, Niu Y, Bai X, et al. Association of lifestyles and multimorbidity with mortality
among individuals aged 60 years or older: Two prospective cohort studies. SSM Popul Health. 2024;26:101673.
Medline:38779456 do0i:10.1016/j.ssmph.2024.101673

23 Yu L, Yang M, Ye KX, Li C, Zou M, Wang J, et al. Investigating the Impact of Tea Consumption on Cognitive
Function and Exploring Tea-Genetic Interactions in Older Adults Aged 65-105 Years: Findings from the 2002-
2018 CLHLS Data. J Prev Alzheimers Dis. 2024;11:769-79. Medline:38706293 d0i:10.14283/jpad.2024.22

24 Peking University Open Research Data. The Chinese Longitudinal Healthy Longevity Survey (CLHLS)-
Longitudinal Data (1998-2018). 2020. Available: https://opendata.pku.edu.cn/dataset.xhtml?persistentId=-
do0i%3A10.18170%2FDVN%2FWBO7LK. Accessed: 29 July 2026.

25 Grambsch PM, Therneau TM. Proportional hazards tests and diagnostics based on weighted residuals.
Biometrika. 1994;81:515-26. d0i:10.1093/biomet/81.3.515

26 Stensrud MJ, Hernan MA. Why Test for Proportional Hazards? JAMA. 2020;323:1401-2. Medline:32167523
doi:10.1001/jama.2020.1267

27 Tao MH, Zhou J, Rialdi AP, Martinez R, Dabek J, Scelo G, et al. Indoor air pollution from solid fuels and periph-
eral blood DNA methylation: findings from a population study in Warsaw, Poland. Environ Res. 2014;134:325-
30. Medline:25199973 do0i:10.1016/j.envres.2014.08.017

28 Diette GB, Accinelli RA, Balmes JR, Buist AS, Checkley W, Garbe P, et al. Obstructive lung disease and exposure
to burning biomass fuel in the indoor environment. Glob Heart. 2012;7:265-70. Medline:23139916 do0i:10.1016/j.
gheart.2012.06.016

29 Wang P, Duan F, Lv Y, Man S, Liu S, Liu Y. Long- and Intermediate-Term Ambient Particulate Pollution Is
Associated with Increased Osteoarthritis Risk: A Population-Based Prospective Analysis. Environ Sci Technol.
2024;58:9536-47. Medline:38771144 doi:10.1021/acs.est.3c10893

30 Kraft S, Buchenauer L, Polte T. Mold, Mycotoxins and a Dysregulated Immune System: A Combination of
Concern? Int J Mol Sci. 2021;22:12269. Medline:34830149 doi:10.3390/ijms222212269

31 Bornehag CG, Sundell J, Sigsgaard T. Dampness in buildings and health (DBH): Report from an ongoing epide-
miological investigation on the association between indoor environmental factors and health effects among
children in Sweden. Indoor Air. 2004;14:59-66. Medline:15330773 d0i:10.1111/j.1600-0668.2004.00274.x

32 Torres MI. Freitas VPd. Treatment of rising damp in historical buildings: wall base ventilation. Build Environ.
2007;42:424-35. doi:10.1016/j.buildenv.2005.07.034

33 Li A, Zhang Q, Zhou L, Luo H, Yu K, Meng X, et al. Long-term exposure to ambient air pollution and inci-
dent gout: A prospective cohort study in the UK Biobank. Environ Pollut. 2024;345:123540. Medline:38341067
doi:10.1016/j.envpol.2024.123540

34 Chang WY, Choi S, Yoo SJ, Lee J, Lim C. Factors Associated with Osteoarthritis and Their Influence on Health-
Related Quality of Life in Older Adults with Osteoarthritis: A Study Based on the 2020 Korea National Health and
Nutrition Examination Survey. Int J Environ Res Public Health. 2023;20:6073. Medline:37372660 doi:10.3390/
ijerph20126073

35Chen R, Zhao A, Chen H, Zhao Z, Cai J, Wang C, et al. Cardiopulmonary benefits of reducing indoor particles of
outdoor origin: a randomized, double-blind crossover trial of air purifiers. J Am Coll Cardiol. 2015;65:2279-87.
Medline:26022815 doi:10.1016/j.jacc.2015.03.553

www.jogh.org e doi: 10.7189/jogh.16.04276 11 2026  Vol. 16 * 04276


https://pubmed.ncbi.nlm.nih.gov/31881058
https://doi.org/10.1371/journal.pone.0226738
https://doi.org/10.1371/journal.pone.0226738
https://pubmed.ncbi.nlm.nih.gov/26453820
https://pubmed.ncbi.nlm.nih.gov/26453820
https://doi.org/10.1016/j.envint.2015.09.010
https://pubmed.ncbi.nlm.nih.gov/36913237
https://doi.org/10.1289/EHP10710
https://pubmed.ncbi.nlm.nih.gov/28879055
https://doi.org/10.1136/rmdopen-2017-000488
https://pubmed.ncbi.nlm.nih.gov/33578144
https://pubmed.ncbi.nlm.nih.gov/33578144
https://doi.org/10.1016/j.scitotenv.2021.145395
https://pubmed.ncbi.nlm.nih.gov/30920354
https://doi.org/10.1152/physrev.00010.2018
https://pubmed.ncbi.nlm.nih.gov/38779456
https://pubmed.ncbi.nlm.nih.gov/38779456
https://doi.org/10.1016/j.ssmph.2024.101673
https://pubmed.ncbi.nlm.nih.gov/38706293
https://doi.org/10.14283/jpad.2024.22
https://opendata.pku.edu.cn/dataset.xhtml?persistentId=doi%3A10.18170%2FDVN%2FWBO7LK
https://opendata.pku.edu.cn/dataset.xhtml?persistentId=doi%3A10.18170%2FDVN%2FWBO7LK
https://doi.org/10.1093/biomet/81.3.515
https://pubmed.ncbi.nlm.nih.gov/32167523
https://doi.org/10.1001/jama.2020.1267
https://pubmed.ncbi.nlm.nih.gov/25199973
https://doi.org/10.1016/j.envres.2014.08.017
https://pubmed.ncbi.nlm.nih.gov/23139916
https://doi.org/10.1016/j.gheart.2012.06.016
https://doi.org/10.1016/j.gheart.2012.06.016
https://pubmed.ncbi.nlm.nih.gov/38771144
https://doi.org/10.1021/acs.est.3c10893
https://pubmed.ncbi.nlm.nih.gov/34830149
https://doi.org/10.3390/ijms222212269
https://pubmed.ncbi.nlm.nih.gov/15330773
https://doi.org/10.1111/j.1600-0668.2004.00274.x
https://doi.org/10.1016/j.buildenv.2005.07.034
https://pubmed.ncbi.nlm.nih.gov/38341067
https://doi.org/10.1016/j.envpol.2024.123540
https://pubmed.ncbi.nlm.nih.gov/37372660
https://doi.org/10.3390/ijerph20126073
https://doi.org/10.3390/ijerph20126073
https://pubmed.ncbi.nlm.nih.gov/26022815
https://pubmed.ncbi.nlm.nih.gov/26022815
https://doi.org/10.1016/j.jacc.2015.03.553

Xiangbin et al.

36 Roponen M, Meklin T, Rintala H, Hyvérinen A, Hirvonen MR. Effect of moisture-damage intervention on the
immunotoxic potential and microbial content of airborne particles and on occupants’ upper airway inflam-
matory responses. Indoor Air. 2013;23:295-302. Medline:23398574 doi:10.1111/ina.12032

37 Venetsanopoulou AI, Alamanos Y, Voulgari PV, Drosos AA. Epidemiology and Risk Factors for Rheumatoid
Arthritis Development. Mediterr ] Rheumatol. 2023;34:404-13. Medline:38282942 d0i:10.31138/mjr.301223.eaf

38 Hart JE, Laden F, Puett RC, Costenbader KH, Karlson EW. Exposure to traffic pollution and increased risk of
rheumatoid arthritis. Environ Health Perspect. 2009;117:1065-9. Medline:19654914 doi:10.1289/ehp.0800503

95}
25
QO
Z
=
o=
=
23
25
~

39 Pickles K, Haas R, Guppy M, O’Connor DA, Pathirana T, Barratt A, et al. Clinician and health service interven-
tions to reduce the greenhouse gas emissions generated by healthcare: a systematic review. BMJ Evid Based
Med. 2024;29:300-12. Medline:38782560 d0i:10.1136/bmjebm-2023-112707

40 Hahad O, Prochaska JH, Daiber A, Muenzel T. Environmental Noise-Induced Effects on Stress Hormones,
Oxidative Stress, and Vascular Dysfunction: Key Factors in the Relationship between Cerebrocardiovascular and
Psychological Disorders. Oxid Med Cell Longev. 2019;2019:4623109. Medline:31814877 d0i:10.1155/2019/4623109

99
o
=
=
A

41 WuZ, Liang Y, Khan A, He J. Is occupational noise associated with arthritis? Cross-sectional evidence from US
population. BMC Public Health. 2024;24:371. Medline:38317177 d0i:10.1186/s12889-024-17897-0

42 Daiber A, Kroller-Schon S, Oelze M, Hahad O, Li H, Schulz R, et al. Oxidative stress and inflammation contrib-
ute to traffic noise-induced vascular and cerebral dysfunction via uncoupling of nitric oxide synthases. Redox
Biol. 2020;34:101506. Medline:32371009 do0i:10.1016/j.redox.2020.101506

43 Jafari Z, Kolb BE, Mohajerani MH. Chronic traffic noise stress accelerates brain impairment and cognitive
decline in mice. Exp Neurol. 2018;308:1-12. Medline:29936225 do0i:10.1016/j.expneurol.2018.06.011

2026  Vol. 16 * 04276 12 www.jogh.org e doi: 10.7189/jogh.16.04276


https://pubmed.ncbi.nlm.nih.gov/23398574
https://doi.org/10.1111/ina.12032
https://pubmed.ncbi.nlm.nih.gov/38282942
https://doi.org/10.31138/mjr.301223.eaf
https://pubmed.ncbi.nlm.nih.gov/19654914
https://doi.org/10.1289/ehp.0800503
https://pubmed.ncbi.nlm.nih.gov/38782560
https://doi.org/10.1136/bmjebm-2023-112707
https://pubmed.ncbi.nlm.nih.gov/31814877
https://doi.org/10.1155/2019/4623109
https://pubmed.ncbi.nlm.nih.gov/38317177
https://doi.org/10.1186/s12889-024-17897-0
https://pubmed.ncbi.nlm.nih.gov/32371009
https://doi.org/10.1016/j.redox.2020.101506
https://pubmed.ncbi.nlm.nih.gov/29936225
https://doi.org/10.1016/j.expneurol.2018.06.011

